The ability of the matrix (M) protein of wild-type vesicular stomatitis virus (VSV) to regulate viral transcription was studied with monoclonal antibodies and temperature-sensitive (ts) mutants in complementation group III, the M proteins of which are restricted in transcription inhibition. The marked inhibition of transcription by VSV ribonucleoprotein (RNP) Vesicular stomatitis virus (VSV), the prototype rhabdovirus, is membrane enclosed and contains a ribonucleoprotein (RNP) core (24). Two of the five virally coded VSV proteins are membrane associated: the externally oriented transmembrane glycoprotein, which serves for cell attachment and as the type-specific antigen (15, 21), and the peripheral matrix (M) protein which lines the inner surface of the lipid bilayer in close association with RNP core (16, 28). The three other VSV proteins (N, L, and NS) constitute the RNP core and collectively serve as an RNAdependent RNA polymerase that sequentially transcribes five messenger RNAs from the negative-strand RNA template (1, 2, 10).
The ability of the matrix (M) protein of wild-type vesicular stomatitis virus (VSV) to regulate viral transcription was studied with monoclonal antibodies and temperature-sensitive (ts) mutants in complementation group III, the M proteins of which are restricted in transcription inhibition. The marked inhibition of transcription by VSV ribonucleoprotein (RNP) cores complexed with M protein (RNP/M) was reversed by antibody to epitope 1. Antibodies to epitopes 2 and 3 not only failed to reverse the transcription-inhibitory activity of isolated M protein but actually increased M-protein inhibition of transcription in a reconstituted system. Monoclonal antibodies to epitopes 2 and 3 strongly bound to M proteins from all wild-type and ts-mutant virions, but monoclonal antibody to epitope 1 completely failed to bind to the M protein of tsO23(III) even though it reacted strongly with M proteins of mutants tsG31(III) and tsG33(III). The M protein of a ts023 revertant (Rll) completely recovered its capacity to inhibit transcription and to bind monoclonal antibody to epitope 1, whereas the M proteins of three other revertants remained restricted in their capacity to inhibit transcription and to bind monoclonal antibody to epitope 1. These studies indicate that exposure of epitope 1 on the surface of M protein is essential for inhibiting transcription by VSV RNP cores.
Vesicular stomatitis virus (VSV), the prototype rhabdovirus, is membrane enclosed and contains a ribonucleoprotein (RNP) core (24) . Two of the five virally coded VSV proteins are membrane associated: the externally oriented transmembrane glycoprotein, which serves for cell attachment and as the type-specific antigen (15, 21) , and the peripheral matrix (M) protein which lines the inner surface of the lipid bilayer in close association with RNP core (16, 28) . The three other VSV proteins (N, L, and NS) constitute the RNP core and collectively serve as an RNAdependent RNA polymerase that sequentially transcribes five messenger RNAs from the negative-strand RNA template (1, 2, 10) .
The M protein of VSV plays a regulatory role in virusdirected RNA synthesis in infected cells (7) and serves as an inhibitor in vitro of viral transcription (5, 8, 9, 18, 26) . Temperature-sensitive (ts) mutants in complementation group III of VSV-Indiana have lesions in the M-protein gene (19) ; those derived from the Orsay wild-type (wt) strain, tsO23(III) and tsO89(III), contain M proteins completely devoid of transcription-inhibitory activity, and those derived from the Glasgow wt strain, tsG31(III) and tsG33(III), exhibit limited ability to inhibit transcription (5, 26) . The M protein of wt VSV-Indiana is rich in lysines and arginines (20) and is positively charged (pl of 9. 1; 5), which apparently contributes to binding of M protein to phospholipids with negatively charged headgroups (27) . Rel- atively little is known about the interaction of M protein with RNP cores, but this is presumably also electrostatic in nature since inhibition of transcription by M protein is reversed by polyglutamic acid (4) or by high-ionic-strength buffers (26) . This RNP-M protein interaction was shown to be weaker for the four group III ts mutants (5, 26) .
In this study, we report the effects of monoclonal antibodies (mAbs) on the capacity of wt M protein to regulate transcription of VSV RNP cores. Also reported are the different capacities of various mAbs reacting with separate epitopes to bind to a mutant M protein incapable of inhibiting transcription but not to other mutant M proteins or revertant M proteins. By these combined immunologic and genetic techniques, we hope to be able eventually to identify the region of the M protein that specifies its transcriptional regulatory activity.
M-PROTEIN REGULATION OF VSV TRANSCRIPTION
(RNP/M), VSV (1 mg/ml) was dialyzed overnight against 10 mM Tris hydrochloride (pH 7.5) to remove salt from the viral suspension and then disrupted with 30 mM octylglucopyranoside (Calbiochem-Behring, La Jolla, Calif.) in 10 mM Tris hydrochloride (pH 7.5). The suspension was allowed to stand at room temperature for 1 h, and the RNP cores were pelleted by centrifuging in an SW50.1 rotor at 189,000 x g for 2 h through a 50% (vol/vol) glycerol pad. The supernatant fluid containing G protein and the lipids was discarded, and the pellet, containing the RNP/M cores, was suspended in 10 mM Tris hydrochloride (pH 8.0).
To isolate RNP cores containing only trace amounts of M protein (RNP), VSV (0.5 mg/ml) was disrupted in 10 mM Tris hydrochloride (pH 8.0)-1% Triton X-100-0.25 M NaCl, and the solution was allowed to stand at room temperature for 30 min. RNP cores were then pelleted by centrifuging in an SW50.1 rotor at 189,000 x g for 2 h through a 50% (vol/vol) glycerol pad. The supernatant fluid containing the lipids, G protein, and almost all the M protein was discarded or used for isolating pure M protein. The pellet, containing the RNP cores, was then suspended in 10 mM Tris (pH 8.0).
Preparation of VSV M protein. VSV M protein was isolated from purified virions by exposing them to 1% Triton X-100 and 0.25 M NaCl in 10 mM Tris hydrochloride buffer (pH 8.0). After removing the RNP by centrifugation at 150,000 x g, the M protein was purified by column chromatography on Whatman P11 phosphocellulose as described previously (25) .
Preparation of mAbs to M protein of VSV. As reported previously (17) , mAbs to M protein of VSV were prepared by fusion of SP2/0 myeloma and spleen cells obtained from BALB/c mice hyperimmunized with purified M protein by techniques described in detail elsewhere (23) . Clones producing the antibodies to M protein were selected by solidphase enzyme-linked immunosorbent assay tests and further subcloned twice by serial dilution of cell suspensions before single cell clones were selected for each final hybridoma. Large amounts of each mAb were obtained by injecting 107 cloned hybridoma cells intraperitoneally into BALB/c mice which had been primed 4 weeks before with an intraperitoneal injection of 0.5 ml of 2,6,10,14-tetramethylpentadecane (Pristane). Purified immunoglobulins were obtained from the ascites fluid by protein ASepharose column chromatography as described previously (12, 23) . The separate antigenic determinants (epitopes) of the M protein were identified by competitive binding of each unlabeled and 125I-labeled mAb to M protein coated on a plastic surface, as described previously (23) .
Western blot analysis. VSV (1 ,ug) was subjected to 12.5% polyacrylamide-sodium dodecyl sulfate (SDS) slab gel electrophoresis (5) , and the proteins were transferred by electroblotting onto nitrocellulose sheets (0.1 puM;
Schleicher & Schuell, Inc., Keene, N.H.) as described by Towbin et al. (22) . The nitrocellulose sheet was then incubated with buffered bovine serum albumin (3% bovine serum albumin, 0.9% NaCl, 10 mM Tris hydrochloride [pH 7.4] ) for 1 h at 37°C and then exposed for 2 h, first to mAbs (10 ,ug/ml) and then to 125I-labeled Staphylococcus protein A (Amersham Corp., Arlington Heights, Ill.) (specific activity, 33 mCi/mg; 0.1 ,uCi/ml) in 50 mM Tris (pH 7.4-10 mM NaCl-5 mM EDTA-0.25% gelatin-0.05% Nonidet P-40. After extensive washing with buffer containing 50 mM Tris (pH 7.4), 5 mM EDTA, 150 mM NaCl, 0.25% gelatin, 0.5% Triton, and 0.1% SDS, nitrocellulose sheets were air-dried and exposed for autoradiography to Kodak X-Omat film at -70°C for several hours with an intensifying screen.
Transcription assays. Transcription assays of RNP cores were performed as described elsewhere (14) . Briefly, RNP or RNP/M cores were suspended in transcription buffer containing 7.5 mM MgCl2, 10 (23) . The characteristics of these M-protein mAbs are described in detail in a separate communication (17 lope also results in dissociation of M protein from the RNP core (26) . We prepared RNP/M simply by treating virions with 30 mM P-octylglucopyranoside in the absence of salt; this resulted in cores largely devoid of G protein but with almost a full complement of M protein. Exposure of VS virions to 1% Triton X-100 containing 0.25 M NaCl resulted in RNP cores largely devoid of M protein but retaining full transcription activity and essentially all of proteins N, L, and NS (data not shown). However, trace amounts of M and G proteins (<0.1%) were still present in association with RNP cores exposed to 0.35 M NaCl, and higher salt concentrations result in dissociation of the polymerase from RNP cores (10) .
The capacity of mAbs to react with RNP/M cores was determined by an enzyme-linked immunosorbent assay. In these experiments RNP/M, RNP essentially devoid of M, or M protein alone were coated in wells of microtiter plates and reacted with each of the mAbs. It was found that RNP/M cores reacted strongly and as efficiently with all three mAbs as did isolated M protein, suggesting that all three antigenic sites of RNP/M were accessible to each mAb (data not shown). RNP cores prepared in 0.25 M NaCl also reacted slightly with the mAbs, indicating residual M protein could not be completely removed by high salt. Similar data were obtained by binding of '25I-labeled mAb2, mAb3, and mAb25 to RNP/M, M protein alone, and RNP alone.
It was of interest to determine, in light of the subsequent studies on the effect of mAbs on VSV transcription, whether the mAbs affected the stability of RNP/M protein complexes. To this end, RNP/M cores isolated from virions labeled with 3H-labeled amino acids were exposed for 2 h to mAb2 (epitope 1) or mAb3 (epitope 2) in a transcription buffer containing 10 mM Tris (pH 8.0), 0.08 M NaCl, 7 mM MgCl2, and 1 mM DTT. These mixtures of RNP/M and mAbs were then subjected to rate zonal centrifugation in a 0 to 66% sucrose gradient for 1 h at 125,000 x g in an SW50.1 rotor. labeled RNP/M complexes alone and in the presence of mAb2 or mAb3. As noted, RNP/M in the absence of antibody sedimented as a sharp peak at a density of 1.30 mg/ml. Interaction of RNP/M with mAb2 or mAb3 resulted in two peaks each, one containing nucleocapsids that sedimented only slightly slower than the control RNP/M, but another population of nucleocapsids reacting with either mAb sedimented much slower. When the content of M protein associated with the rapidly sedimenting peaks was compared by polyacrylamide gel electrophoresis with that in the slowly sedimenting peaks, it was found that 60% of the M protein was removed from the slowly sedimenting RNP/M complex exposed to mAb2 or mAb3 based on ratios of N to M protein (data not shown). Similar results were obtained in a separate experiment in which RNP/M cores were exposed to mAb25 directed to epitope 3 (data not shown). It Figure 3 shows that marked inhibition of transcription by M protein in RNP/M cores is considerably reversed by increasing concentrations of NaCl or by mAb2 directed to epitope 1. In the absence of mAb, transcription of RNP/M cores increased progressively at NaCl concentrations increasing from 0.02 to 0.12 M. This effect of salt on RNP/M transcription was greatly augmented in the presence of mAb2 (160 ,ug/ml) but not by an equal amount of mAb3 (Fig.  3A) . In fact, mAb3 partially counteracted the reversal of inhibition of RNP/M by NaCl. Partial reversal of transcription inhibition by 0.12 M NaCl is presumably caused by dissociation of M protein from the RNP/M cores. Stimulation of transcription by mAb2 was noted at every salt concentration (Fig. 3A) . Figure 3B demonstrates linear enhancement of RNP/M transcription when increasing concentrations of mAb2 (epitope 1) were present in a regular transcription mixture (0.08 M NaCI) containing RNP/M cores markedly inhibited in transcription. In sharp contrast, mAb3 (epitope 2) and mAb25 (epitope 3) had no effect on inhibited RNP/M transcription at any antibody concentration. Figure 3C depicts the RNA species synthesized by RNP/M cores transcribed in the absence or presence of the three mAbs as analyzed by electrophoresis on a 20% polyacrylamide slab gel. The primary RNA species synthesized by RNP/M cores in the absence of antibody were leader RNA and other low-molecular-weight RNA species as described by Pinney and Emerson (18) . The presence of mAb2 (epitope 1) dramatically increased RNA synthesis by RNP/M, particularly of high-molecular-weight species representing VSV messengers. The presence of mAb3 and mAb25 did result in some increased synthesis of leader RNA, small RNAs, and mRNAs, but this was quite limited compared with the dramatic effect of mAb2. These results clearly demonstrate the striking capacity of mAb2 (directed to epitope 1) to reverse inhibition of transcription by wt VSV M protein compared with minor if any effect by mAbs to two other epitopes.
Effects of mAbs on the transcriptional regulatory activity of M protein reconstituted with RNP cores. In addition to demonstrating that one of three mAbs stimulates transcription of endogenous RNP/M complexes, it was important to determine whether mAbs can affect the transcriptional inhibitory activity of isolated M protein reconstituted with RNP cores essentially free of M protein. In these experiments, RNP cores were prepared from virions exposed to 1% Triton X-100 in the presence of 0.25 M NaCl to remove almost all the endogenous M protein but retaining maximal levels of in vitro transcriptional activity. The M protein was isolated from supernatants fluids after centrifugation of purified virions that had been treated with Triton X-100 and 0.25 M NaCl and then purified by phosphocellulose chromatography (25) . Isolated M protein (>98% pure) was incubated for 30 min at room temperature in the regular transcription buffer containing 0.08 M NaCl with or without individual mAbs and then added to RNP cores; the level of transcription was measured by incorporation of [32P]UMP into TCA-precipitable material. (10 , uCi) . Each transcription reaction was carried out in the absence of M protein, in the presence of M protein alone, or in the presence of M protein (160 p.g/ml) which had been previously incubated at 31°C for 30 min with mAb2, mAb3, or mAb25 reactive with epitopes 1, 2, or 3, respectively. Transcription reaction mixtures were incubated for 2 h at 31°C to determine incorporation of [32P]UMP into TCA-precipitable RNA as measured by scintillation spectroscopy. For the RNA transcripts shown in panel C, the RNA synthesized for 2 h was phenol extracted, precipitated by ethanol, and analyzed by electrophoresis and autoradiography of 20% polyacrylamide gels as described in Materials and Methods. 1, Leader RNA; 11, 12, 13, 14, oligonucleotide transcripts composed of 11, 12, 13, or 14 nucleotides (see reference 18). Figure 4 shows transcription reactions and transcription products of RNP cores reconstituted with isolated M protein before or after incubation with mAbs. Increasing concentrations of M protein alone resulted in progressive reduction in RNP transcription to a level -40% that of M-protein-free RNP (Fig. 4A) ; transcription inhibition is somewhat greater (-90%) in RNP/M cores isolated in the absence of salt from virions endogenously complexed with M protein (Fig. 3) . Such an inhibitory effect of M protein has been attributed to condensation of the RNP core after interaction with M protein (9, 16) . Figure 4B shows that the three different mAbs had two contrasting effects on the transcriptional inhibitory activity of M protein reconstituted with RNP cores. Preincubation of M protein with increasing concentrations of mAb2 (epitope 1) resulted in the progressive loss of the capacity of M protein to inhibit transcription; however, this increased level of transcription never reached that of RNP cores devoid of M protein. In marked contrast, incubation of RNP cores with M protein exposed to increasing concentrations of mAb3 (epitope 2) and mAb25 (epitope 3) resulted in the completely opposite effect of considerably enhancing the transcriptional inhibitory activity of M protein to the 90% level or greater observed in the endogenous RNP/M complex. It is important to note that none of the mAbs directly affected transcription of naked RNP cores in the absence of M protein (data not shown). It should also be noted that variation occurred in the capacity of mAb2 to reverse the transcriptional inhibitory activity of M protein, apparently depending on the degree of residual M protein present on the RNP cores (data not shown); enhancement of transcriptional inhibitory activity was invariable for M protein incubated with mAb3 and mAb25. Figure 4C illustrates on 20% polyacrylamide gels the RNA species synthesized by RNP cores alone or RNP cores reconstituted with M protein before or after preincubated with the three mAbs. As noted, M protein caused moderate reduction in synthesis of large RNA transcripts but not the leader or other small RNA species. This inhibition of transcription by M protein was completely reversed by preincubation with mAb2 (epitope 1). Quite striking is the degree to which mAb3 (epitope 2) and mAb25 (epitope 3) enhanced the transcription inhibitory activity of M protein, resulting in marked diminution in amount of all transcripts except, perhaps, the leader and other small RNA species. These data confirm the striking difference in the action of mAb to epitope 1 compared with those that recognize other epitopes of M protein.
Reactivity of mAbs to M proteins isolated from group III ts mutants. The capacity of mAb2 to reverse the inhibitory effect of M protein on VSV transcription led us to investigate whether our mAbs that bind to wt VSV M protein would also bind to M proteins of group III ts mutants, which are restricted in their capacity to inhibit VSV transcription (5, 26) . The group III ts mutants available for these studies were tsG31 and tsG33, derived from the Glasgow strain of VSVIndiana (19) , and ts023, derived from the Orsay strain (13) . Since the Glasgow and Orsay wt strains differ somewhat by oligonucleotide fingerprints (6) and by nucleotide sequences might expect simultaneous reversion of these two properties. To address this question, we proceeded to isolate revertants of ts023 by cloning viruses from individual plaques of tsO23 plated on L-cell monolayers incubated at 39°C. Orsay wt, ts023, and four revertants (Rll, R12, R13, and R14) were titrated by plaque assay on L-cell monolayers incubated at 31°C (permissive) and 39°C (restrictive). Cloned stocks of wt and all four revertant viruses all had titers of -1.0 x 109 PFU/ml at 31°C and titers of 8.0 x 108 to 1.8 x 109 PFU/ml at 39°C; the mutant ts023 had titers of 1.5 x 109 PFU/ml at 31°C and 5.0 x 103 PFU/ml at 39°C (data not shown).
The M proteins from virions of wt, ts023, and all four revertants were tested by Western blot analysis for their reactivity with mAb2 (epitope 1) and mAb3 (epitope 2). Figure 6 shows the autoradiographs of 125I-labeled protein A binding on nitrocellulose to monoclonal IgG reacting to M proteins of wt, ts023, or revertant virions. As noted above, ts023 M protein showed no detectable binding of mAb2 compared with its marked affinity for wt M protein. Of the four revertants, only Rll reverted to the wt phenotype and showed strong binding of mAb2 compared with R12, R13, and R14, the M proteins of which bound no detectable mAb2. By comparison, mAb3 bound equally well to M proteins from the wt, ts023, and all four revertants (Fig. 6) , as did the epitope 3 antibody mAb25 (data not shown). The fact that M protein in only one of four ts023 revertants reacquires reactivity with mAb2 suggests that reversion need not expose epitope 1.
These data provided another possible means for correlating exposure of epitope 1 to mAb2 with the capacity of M protein to inhibit VSV transcription. Therefore, inhibition of transcription at a high concentration (0.8 mg/ml) of VSV (5) (J. Lenard, personal communication) from the San Juan strain of VSV-Indiana, the M protein of which was used to prepare our mAbs, it was also necessary to test each of the three wt strains. It is also importanit to note that the M proteins of tsO23 are completely devoid of transcriptional inhibitory activity compared with the M proteins of tsG31 and tsG33, which have more limited transcriptional inhibitory activity (5, 26) .
In these studies wt and ts mutant virions were grown in BHK-21 cells at the permissive temperature (31°C), and their proteins were separated by electrophoresis on 12.5% polyacrylamide-SIDS gels. The viral proteins were then transferred to a nitrocellulose sheet to test their reactivity with mAbs by Western blot analysis, using 1251I-labeled Staphylococcus protein A to locate the bound immunoglobulin. Figure 5 shows equivalent binding of mAb2 (epitope 1) and mAb3 (epitope 2) to M proteins of tsG31 and tsG33, as well as to the M proteins of the Glasgow and Orsay wild types. In striking contrast, the M protein from tsO23 failed to bind any detectable mAb2 immunoglobulin despite intact capacity to bind mAb3. M proteins of all wt and ts mutants, including ts023, avidly bound mAb25 to epitope 3 (data not shown). These experiments were confirmed by repeated Western blots and enzyme-linked immunosorbent assay techniques.
These results demonstrate that epitope 1 is not present on the surface of the tsO23 M protein, which is also incapable of inhibiting VSV transcription.
Reactivity with mAbs and transcription inhibition by M proteins of ts023(III) revertants. It seemed essential to compare the M proteins of tsO23 and its revertants for their capacity to bind mAbs and to inhibit VSV transcription. If these two phenotypic expressions of tsO23 are related, one ts023, and the four revertants of ts023 were subjected to electrophoresis on 12.5% polyacrylamide gels, followed by transfer by electroblotting to nitrocellulose sheets for reaction with mAb2 (epitope 1) and mAb3 (epitope 2). IgG bound to M protein was detected by reactivity with '25I-labeled Staphylococcus Fig. 3A . Figure 7 compares the transcription reactions of RNP/M cores from wt ( Fig. 7A) and tsG33 (Fig. 7B) in the absence or presence of mAb2 or mAb3 under the stimulating conditions of concentrations of NaCl increasing from 0.02 to 0.1 M. As noted, increasing salt concentrations enhanced the transcriptional activity of both wt and tsG33 RNP/M cores, but this effect, even in the absence of antibody, was significantly greater for tsG33. As noted previously, mAb2 augmented the transcriptional activity of wt RNP/M cores, whereas mAb3 did not. However, the most striking effects of both mAbs were marked augmentation of transcription by " Transcription reaction mixtures contained virions (0.8 mg/ml), 10 mM Tris (pH 8.0), 0.2% Triton X-100, 7.5 mM MgCI2, 0.14 M NaCl, 1 mM DTT, 1 mM each of ATP, CTP, and GTP, and 0.1 mM of [a-32P]UTP (10 , uCi scription regulation. mAbs to three distinct antigenic determinants affected in vitro transcription of wt RNP/M cores in widely divergent ways. Antibody directed to one determinant (epitope 1) greatly stimulated transcription by the inhibited wt RNP/M core complex. mAbs to epitopes 2 and 3 had the directly opposite effect of considerably enhancing the inhibitory activity of M protein, possibly by steric hindrance of the transcriptase as it ostensibly moves along the template (11). Epitope 1 was not present in the M protein of tsO23 but was in a revertant in which transcription inhibition was almost completely restored but not in another revertant in which transcription inhibition was only partially restored. Other mutants from the Glasgow wt strain, tsG31 and tsG33, contained M proteins with functional epitope 1 that retained partial ability to inhibit RNP core transcription. This partial transcriptional inhibitory activity of the M protein of tsG33 was completely reversed by mAbs directed to both epitopes 1 and 2. It seems quite likely from these data that mutations in the VSV M-protein gene occurring at different regions of the cistron result in phenotypic differences based on conformational changes in M protein that alter its binding affinity to RNP cores. The different properties of tsO23 revertants strongly suggest secondary mutations at various sites which partially or completely restore conformational changes in the mutant M protein affecting RNP binding or transcription inhibition or both.
The capacity of mAbs to epitopes 2 and 3 to bind to RNP/M cores indicates that these antigenic determinants of the wt M protein are not hidden by complexing with RNP. Equally efficient binding to wt RIIP/M cores by mAb2 indicates that epitope 1 is also quite accessible to antibody despite the fact that this epitope, absent in tsO23, is apparently the critical M-protein domain responsible for transcription inhibition. These data tend to obscure, rather than clarify, the mechanism by which mAb2 reverses transcription inhibition by wt M protein. It is conceivable that mAb2 binds to a domain of the M protein close, but not identical, to the RNP-binding and polymerase-inhibitory site of the wt M protein. This postulate is supported by evidence that preincubation of M protein with mAb2 was able to reverse only to some extent the transcriptional inhibitory activity and, perhaps, the RNP-binding affinity of wt M protein. Of course, the major evidence for juxtaposition or identity of the RNP-binding and transcription-inhibitory sites of wt M protein is the complete absence of both transcription inhibition and mAb2 binding in the M protein tsO23 and parallel restoration of these functions in a tsO23 revertant.
Definitive identification of the M-protein site responsible for transcription inhibition of VSV RNP must await detailed biochemical studies which may be difficult to perform if secondary structure of the protein is the dominant feature. Fortunately, the M protein has no disulfide bonds because it contains only a single cysteine residue (20) . The fact that monoclonal antibodies bind quite efficiently to SDSdenatured M protein suggests a significant role for primary amino acid sequences rather than specific conformational attitudes for certain functions. We have some preliminary evidence, based on chemically and enzymatically cleaved peptides, that transcriptional inhibitory activity and epitope 1 are both located in the amino-terminal third of the wt M protein (J. R. Ogden et al., research in progress). The amino-terminal region of the M protein is rich in hydrophilic amino acids and particularly lysines which may contribute to the basic nature (pl of -9.1) of the M protein (5) . These data have led Rose and Gallione (20) to postulate that the amino terminus of the VSV-Indiana M protein is responsible for its binding to the negatively charged RNP cores. mAbs recognizing these or adjacent domains could provide useful probes for studying interaction with RNP cores of wt and mutant M proteins and relevant peptides. We are also undertaking preparation of cDNA clones and expression vectors of wt, mutant, and revertant M-protein genes to locate critical M-protein sites that determine mAb binding, RNP binding, and transcription inhibition, always mindful of the potential and critical role played by secondary and tertiary structure in determining the various functions of M proteins. Such studies will hopefully lead to a better understanding of the critical role played by M proteins of various viruses in the assembly of virions and regulation of transcription.
